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PRE-PENNSYLVANIAN STRATIGRAPHY OF NEBRASKA1 
A. L. LUGN2 
liincoln, Nebraska 
ABSTRACT 
Sioux quartzite, granite, and schistose metamorphic rocks have been recognized 
in the pre-Cambrian. The present irregularities, the "basins and highs," on the pre-
Cambrian surface are the result of erosion and a long structural history. In general 
succeedingly younger rocks rest unconformably by overlap against the pre-Cambrian 
"highs." The principal erosional and structural "highs" are: the "Nemaha moun-
tains," the Cambridge anticline, the Chadron dome, and the Sioux Falls area. "Basins," 
or saddle-like depressions, occur on the pre-Cambrian surface between the "highs." The 
largest of these trends from southeast to northwest across the central part of Nebraska. 
The history of each ridge or "high" is more or less individualistic, but it seems certain 
that the structural framework of Nebraska came into existence in late pre-Cambrian 
time and has dominated the structural and depositional history of the state ever since. 
Every Paleozoic system below the Pennsylvanian is represented by identifiable 
rocks in the subsurface section of Nebraska, and all are present at least east of the 
buried Nemaha ridge. The exact subsurface distribution of each of the Paleozoic sys-
tems is not yet known with certainty. Apparently all formations are the same and are 
continuous with the pre-Pennsylvanian rocks of Iowa. The Cambrian and Ordovician 
rocks of the southern part of the state are also quite similar to correlative formations 
in Oklahoma. The fact that most of the deep test wells so far drilled in the state have 
been located on structural or on monadnock-like pre-Cambrian "highs" has precluded 
the discovery of many pre-Pennsylvanian Paleozoic rocks, which do occur in the 
"basins." This has led to the misconception that Nebraska was not invaded by all of 
the Paleozoic inundations. 
PART I . PRE-CAMBRIAN 
Knowledge of the pre-Cambrian rocks under Nebraska is entirely 
too meager to justify definite conclusions regarding details of their 
lithologic character, distribution, present relief, and structural inter-
pretations. However, ten deep drillings, tests for oil and gas, have 
reached the pre-Cambrian in Nebraska at depths ranging from 558 
feet (DuBois) to 4,526 (Holdrege),and at one place (Holdrege), pene-
trated more than 1,150 feet of the ancient crystalline schist. Several 
wells in southeastern South Dakota, which reached the Sioux quartz-
ite, are of value in understanding the pre-Cambrian configuration 
under Nebraska. The deep test at Norcatur, Kansas (Marland Oil 
Company), which reached pre-Cambrian granite, and several wells 
1
 Presented before the Kansas Geological Society, Sixth Annual Field Conference, 
September 2, 1932. Published by permission of G. E. Condra, State geologist of 
Nebraska. Manuscript received, April 9, 1934. 
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in northeast Kansas have been used in this connection. In addition 
to the deep tests which actually reached the ancient crystalline base-
ment rocks, eight other wells in Nebraska, one in Colorado (Phillips 
Petroleum Company, George Andrews No. i), and one in Missouri 
(Forest City), penetrated deeply enough into the Paleozoic rocks to 
warrant using such data as their logs yield, to base tentative conclu-
sions on regarding the depth and elevations of the pre-Cambrian. 
Five pre-Cambrian wells and eight others in western Iowa also have 
been used. Knowledge of the near-by pre-Cambrain outcrops at Sioux 
Falls, where the Sioux quartzite (Huronian) crops out, the Black 
Hills, where granite and other highly metamorphosed quartzites 
and schists crop out, in South Dakota, and the pre-Cambrian outcrop 
of schist and iron ore at Hartville, Wyoming, is also drawn on in 
the preparation of this paper. 
Essential data on the aforementioned locations are given in the 
tables which follow. Elevations of pre-Cambrian which are below sea-
level are indicated by a minus sign in front of the number. These 
data, together with some unpublished information, are used on which 
to base the pre-Cambrian contour map, drawn with a 500-foot contour 
interval (Fig. 1). 
Nearly all essential data are taken from "Deep Wells of Nebraska," 
by G. E. Condra, E. F. Schramm, and A. L. Lugn, Nebraska Geological 
Survey Bulletin 4, Second Series (1931). The data from Iowa wells 
are from the Iowa Geological Survey, Volumes XXI (1912) and 
XXXIII (1927).3 Several Kansas Geological Survey publications and 
N. Ff. Darton's "Geology and Underground Water Resources of the 
Central Great Plains," United States Geological Survey Professional 
Paper j2, are also used. E. F. Schramm published a small map, more 
inclusive than that included here, and a table of data on pre-Cambrian 
wells in "Deep Wells of Nebraska," pages 281-86, of special interest 
in connection with this subject. 
LITHOLOGY 
Carefully taken cuttings or core samples have been petrographical-
ly examined from seven of the pre-Cambrian wells of this state, and, 
at least in these cases, the nature of the old rock is accurately known. 
The best samples of pre-Cambrian rock so far preserved are from 
the Nehawka (Amerada Petroleum Company) and from the Victor 
Jeep well near Papillion, numbers 3 and 4, in tables I and II and on 
3
 Additional data on the Clarinda, Iowa, well number 32, were supplied to the 
writer by Anthony Folger, after the manuscript had been submitted for publication. 
The necessary corrections have been made. 
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the map (Fig. i) . Sioux quartzite was encountered in both of these 
tests. Its lithologic character is pinkish, reddish-to-grayish brown 
quartzite, not unlike the pink quartzite boulders found in eastern 
Nebraska in the glacial drift where the Nebraskan or Kansan glacier 
TABLE I 
PRE-CAMBRIAN or NEBRASKA* 
DEEP WELLS WHICH REACHED PRE-CAMBRIAN (FIGURES IN F E E l ) 
No. 
i 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
Name 
Du Bois 
Table Rock 
Table Rock 
Nehawka 
Victor Jeep 
Lincoln (Capito 
Bassett 
Duthie 
Watkins 
Holdrege 
Surface 
Elevation 
1 , 0 1 9 
1 , 1 1 4 
1 , 0 3 0 
1 . 1 3 4 
1 , 1 1 4 
1 Beach) 1,140 
Norcatur (Kansas) 
2 , 3 2 3 
3 , 0 2 5 
2 , 3 6 0 
2,345 
2,591 
Depth of 
Well 
565 
765 
1 , 5 0 0 
1 , 8 2 8 
1 , 9 0 9 
2,463 
2,965 
2,947 
3,423 
5,678 
3,986 
Depth to 
Pre-Camb. 
558 
750 
7 0 0 
i,567 
1 , 8 7 0 
2 , 1 9 3 
2 , 8 2 0 
2 , 8 7 0 
3,36o 
4,526 
3,93° 
Pre-Camb. 
Elevation 
4 6 1 
364 
3 3 0 
- 4 3 3 
-756 
-
[
, o 5 3 
-497 
155 
— 1 , 0 0 0 
- 2 , 1 8 1 
- i , 3 3 9 
DEEP WELLS WHICH DID NOT REACH PRE-CAMBRIAN (FIGURES IN FEET) f 
I I 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
2 0 
Lane 
Nebraska City 
Forest City, Mo. 
Salem (Morgan) 
Price 
Ohio (Avery) 
Phillips (Colorado) 
Imperial (Ingold) 
Harrisburg 
Agate 
1 , 0 9 1 
9 3 2 
856 
1 , 0 3 0 
1 , 7 2 7 
2 , 0 0 3 
3,443 
3 , 2 1 4 
4 , 5 0 0 
4 , 5 2 0 
1 , 8 2 9 
2,874 
2 , 500 
3,3io 
3,446 
4 , 2 5 2 
5 , 1 3 0 
4,355 
5,697 
4,554 
1 ,871 + 
2,874 + 
3,550± 
3,730 ± 
4 ,3 2 7± 
4,353± 
5,743 + 
5,6i4± 
9 , 0 0 0 + 
7 , 5 2 0 + 
780 ± 
— 1 , 9 4 2 + 
— 2 , 7 0 0 + 
— 2 , 7 0 0 + 
— 2,600 + 
- 2 , 3 5 0 1 
— 2 , 3 0 0 + 
— 2 , 4 0 0 + 
- 4 , 5 0 0 ± 
— 3 , 0 0 0 + 
* Data from "Deep Wells of Nebraska," Nebraska Geol. Survey Bull. 4, 2d Ser. (1931). 
t The estimated depths to the pre-Cambrian and the estimated elevations of the pre-Cambrian are 
based on very problematical data. These estimates are meant to be only suggestive and some of the figures 
may be greatly in error. The errors in the figures for wells numbered from n to 16 inclusive may be only a 
few scores of feet but those for wells numbered 17 to 20 inclusive may range from 500 to 1 ,ooo feet. 
left them after having transported them from the Sioux Falls "high" 
of exposed quartzite. 
The Sioux quartzite was cored for 261 feet in the Nehawka 
(Amerada) well and penetrated to a depth of 39 feet in the Victor 
Jeep well. Conglomeratic and consequently somewhat "arkosic" 
quartzite has been drilled into at some horizons and because of its 
apparent "arkosic" nature has been confused with granite. However, 
boulders of just such conglomeratic "arkosic" quartzite also can be 
found in the drift or seen in place in the Sioux Falls area. 
Reddish quartzite seems to have been penetrated for a depth 
of 270 feet, 3 inches, according to the published log, in the Capitol 
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Beach well at Lincoln. B. P. Russell,4 geologist in charge, in his 
report of December r, 1888, stated: "I am not prepared to state that 
this is the Sioux quartzite but all admit that there is a strong re-
semblance between them." There was no doubt in Russell's mind, 
with the core before him, that it was quartzite and he apparently was 
convinced that it was Sioux in age, probably Upper Huronian. This 
TABLE II 
No. Name Kind of Rock Location% 
SE.of Du Bois in Sec. 25, T. i N . , E . 12 E. 
NW. Cor. Sec. 12, T. 2 N., R. 11 E. 
NE. iSec . 29, T.
 3 N . , R. 12 E. 
NE. Cor. Sec. 26, T. 11 N., R. 12 E. 
NW. of SE. Sec. 23, T. 14 N., R 12 E. 
Capitol Beach, west side of Lincoln 
East edge of town of Bassett 
18 miles NE. of Chadron, Sec. 33, T. 35 N., 
R. 47 W. 
Sec. 13, T. j N . , R . 26 \V. 
51 miles NW. Holdrege, SW. i Sec. 23, T. 
6N. .R. 19 W. 
NW. Cor. Decatur Co., Kan., Sec. 25, T. 
2S.,R. 26 W. 
Lane Station, west of Omaha, Nebraska 
SW.JSec. io,T.8.N., R. 14E. 
3 or 4 miles SE. of Forest City, Mo. 
SE. of NE. Sec. 26, T. 1 N., R. 14 E. 
SW. of town of Red Cloud, Neb., Sec. 3, 
T. i N , R. n W. 
Near Riverton, Neb., NE. of SE. Sec. 30, 
T. i N . , R . 13 W. 
Yuma County, Colo. (SW. Cor. Dundy 
Co., Neb.) SE. of Wray, Colo., on Ari-
kareeR. 
3 miles SE. of Imperial, Neb. 
4i miles E. and i | miles N. of Harrisburg. 
NE. Cor. Sec. 15, T. 28 N., R. 55 W. 
} The method of naming and recording the locations of wells used in this paper is not the method in 
general use by Mid-Continent geologists, but is the same as employed in "Deep Wells of Nebraska Ne-
braskaGeol. Suruy Bull. 4, 2d Ser. (rg3i). It is thought that this will facilitate reference to the logs published 
in that bulletin. 
old core is still preserved in the Nebraska State University Museum, 
but the writer and other geologists have been denied access to it. 
Sioux quartzite may also have been reached in the Brick Plant 
well at Nebraska City, number 12, a test not generally credited as 
having reached the pre-Cambrian. If the bottom of this hole was not 
I 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Du Bois 
Table Rock 
(two wells) 
Nehawka 
Victor Jeep 
Lincoln 
Bassett 
Duthie 
Watkins 
Holdrege 
Norcatur 
(Kansas) 
Lane 
Nebraska City 
Forest City 
(Missouri) 
Salem (Morgan 
Price 
Ohio (Avery) 
Phillips 
Granite 
Granite 
Quartzite 
Quartzite 
Quartzite 
Schist 
Schist 
Granite 
Schist 
Granite 
Cambrian 
Cambrian ? or 
quartzite 
Silurian 
1) Ordovicianor 
Cambrian 
Mississippian 
Cambrian 
Pennsylvanian 
18 
19 
20 
Imperial 
Harrisburg 
Agate 
Pennsylvan-
ian 
Graneros 
Graneros 
1
 "Deep Wells of Nebraska," p. 150. 
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actually in quartzite it was undoubtedly within a very few feet of 
it. Other wells in this part of the state, in and near Omaha, have pene-
trated nearly to the pre-Cambrian, which it is thought would have 
been Sioux quartzite. 
No wells reach the pre-Cambrian in the northeast corner of this 
state, but that area also is undoubtedly underlain largely if not wholly 
with the Sioux quartzite, which has been found in every pre-Cambrian 
TABLE III 
PRE-CAMBRIAN or WESTERN IOWA* 
DEEP WELLS WHICH REACHED PRE-CAMBRIAN (FIGURES IN FEET) 
No. Name Surface 
Elevation 
Depth of 
Well 
Depth to Pre-Camb. 
Pre-Camb. Elevation 
21 
22 
23 
24 
32 
25 
26 
27 
28 
29 
3° 
31 
3 3 
Algona 
Holstein 
Hull 
Sioux City 
Clarinda§ 
1,204 
' ,457 
J , 433 
1,125 
1,012 
1,885 in granite 
2,040 in granite 
1,263 quartz-por-
phyry and quartz-
itej 
2,011 in schist (?) 
5,275ll 
DEEP WELLS WHICH DID NOT REACH PRE-CAMBRIAN 
Gowrie 
Denison 
Oakland 
Atlantic 
Stuart 
Greenfield 
Glenwood 
Bedford 
! , i37 
1,170 
i , 102 
1,150 
1,205 
1,37° 
1,031 
1,098 
1,842 in Silurian 
1,810 in Prairie du 
Chien 
1,936 in Silurian 
or Ordovician 
1,310 m Devonian 
3,0 21 in Cambrian 
2,505 base Ordo-
vician? 
2,200 in Silurian 
2,400 near base 
Silurian 
1,830 
2,020 
755 
1,480 
3,57o 
(FIGURES 
2,342 + 
2,400 + 
2,500 = 
2 , 5 I O ± 
3,121 + 
2,7IO + 
3,025 = 
3,300 + 
- 6 2 6 
- 5 6 3 
678 
- 3 5 5 
- 2 , 5 5 8 
IN FEET)I 
- 1 , 2 0 5 + 
- I , 2 3 0 ± 
— I,4OO ± 
- 1 , 3 6 0 + 
— 1,916 + 
- 1 , 3 9 3 + 
- 1 , 9 9 4 = 
— 2,200 = 
• Data from Iowa Geol. Survey, Vols. XXI (1912) and XXXIII (1927); also from U. S. Geol. Survey 
Water-Supply Paper 203. 
t In places in northwestern Iowa, the pre-Cambrian quartzite is cut by numerous igneous sills. See 
Iowa Geol. Survey, Vol. XXI (1912), p. 1008. 
t The estimated depths to the pre-Cambrian and the estimated elevations of the pre-Cambrian in wells 
25 to 33 inclusive are not to be regarded as accurate but as only suggestive. Some may be greatly in error. 
§ The Clarinda well was first tabulated as not having reached the pre-Cambrian, but corrections sup-
plied by Anthony Folger have made it necessary to place number 32 with the deep wells which reached 
pre-Cambrian. 
II Still drilling, April 21, 1933 
well in northwest Iowa and in southeast South Dakota, supported 
by the additional evidence of the large area of exposed Sioux quartzite 
in the vicinity of Sioux Falls, South Dakota. According to Norton,6 
the pre-Cambrian quartzite is cut by numerous igneous sills in north-
western Iowa. Some may be dikes or other intrusive forms. 
The pre-Cambrian rock reported in three deep tests has been schist. 
5
 Iowa Geol. Survey, Vol. XXI (1912), p. 1008. 
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They are at Bassett, the Duthie well at Chadron, and at Holdrege 
(Trees Petroleum Company's Bergman No. i).6 
Samples from only the bottom 145 feet of the Bassett well num-
ber 6, were recovered and examined. All were of pre-Cambrian rock 
but above this bottom 145 feet there is a gap in the record, where 
samples are missing for 275 feet. Hence, the pre-Cambrian may have 
been entered at a somewhat shallower depth than 2,820 feet or slightly 
above 497 feet below sea-level. The pre-Cambrian of this test is re-
garded as a hornblende schist, but it may be significant that the upper 
part of it contained "numerous sub-rounded to subangular frosted 
quartz grains" and seemed to be "very sandy." This suggests that 
the uppermost material of the pre-Cambrian may be quartzite resting 
on the older and lower hornblende schist. The schist contains horn-
blende, pyroxene (?), biotite, and undetermined minor and accessory 
minerals, including some magnetite. Hornblende is the predominant 
mineral. The United States Geological Survey has corroborated the 
correlation of the schist from this test. 
Dark gray, very hard and micaceous schistose pre-Cambrian rocks 
were entered below the Deadwood formation (Cambrian) in the 
Duthie well, 18 miles northeast of Chadron, number 7. The crystalline 
rocks were entered at a depth of 2,870 feet or at 155 feet above sea-
level and drilled into to a depth of 77 feet. 
The pre-Cambrian crystalline rock was penetrated for a depth of 
1,152 feet in the Holdrege well (Trees Petroleum Company's Bergman 
No. 1), number 9. It was entered at a depth of 4,526 feet or at 2,181 
feet below sea-level. The upper 27 feet consists of quartzitic mica 
schist, the remaining 1,125 feet is made up of thicker and thinner 
zones of mica schist, gneissoid granite (or gneiss), binary granite, 
hornblende granite, and amphibolite. It seems probable that the 
igneous zones in this section may be sills, dikes or other injected forms 
intrusive into the ancient schists. 
Granite has been reported from the two deep tests at Table Rock, 
at Du Bois, and at Cambridge (Watkins well) in Nebraska and also 
from the Norcatur well in Kansas. 
Pink, very feldspathic granite has been reported from the Nor-
catur well, number 10, and similar pink granite was examined by 
the writer from the Watkins well northwest of Cambridge, number 8. 
These two wells apparently are both located on or near the crest of 
the Cambridge anticline, which seems to contain a core of pink felds-
pathic granite. 
' The log of the Holdrege (Bergman) well has not yet been published. 
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Similar pinkish feldspathic granite has been reported from the 
two wells at Table Rock and at Du Bois in Nebraska and also from 
several wells southward into Kansas. The depth to the pre-Cambrian 
(granite) in the Du Bois well was only 558 feet or at an elevation of 
461 feet above sea-level, the highest point so far known on the Nem-
aha ridge in Nebraska. There may be some doubt as to the exact 
identification of this rock as massive granite, as is usually implied. 
I t may be massive granite as indicated by the record of one of the 
Table Rock wells, number 2, where it was first reached at a depth 
of 700 feet and drilled into for almost another 800 feet, "in the hope 
that only a sill or shelf of granite has been encountered." The granite 
here and southward into Kansas may indeed be a large subjacent 
injection or even a batholith, probably of pre-Cambrian age, not 
unlike the Harney Peak granite batholith of the Black Hills. 
PRE-CAMBRIAN SURFACE 
The accompanying contour map is an attempt to represent the 
pre-Cambrian surface as it would now appear if all overlying forma-
tions were removed. It is not implied that the configuration of this 
ancient surface has always been the same, as will be discussed later. 
The contours are drawn to show at least the major relief features on a 
500-foot contour interval. Many minor relief features naturally es-
cape representation with a 500-foot contour interval, also many 
features have no doubt escaped detection because of lack of sub-
surface data. Test wells are indicated by numbers, as previously used 
in the preceding tables, and sea-level elevations on the pre-Cambrian 
are also tabulated on the map. Pre-Cambrian elevations which are 
below sea-level are indicated by a minus ( —) sign. No great accuracy 
is claimed for this map but it is hoped that it represents faithfully 
such data as are available. 
G. E. Condra has discussed the "Highs and Basins"7 of Nebraska 
briefly and also published a map showing the locations of the major 
pre-Cambrian features known to occur under this state. He also has 
discussed briefly the "Relation of the Platte Section to pre-Cambrian 
Bedrock Features."8 Condra's map and the present contour map agree 
on all major features. 
The northeast part of the state is undoubtedly underlain by Sioux 
quartzite, as previously noted, and the large, high area of exposed 
' G. E. Condra, K. F. Schramm, and A. L. Lugn, "Deep Wells of Nebraska," 
Nebraska Geol. Survey Bull. 4, Second Ser. (1931), pp. 15-17-
8
 G. E. Condra, "Correlation of the Pennsylvanian Beds in the Platte and Jones 
Point Sections of Nebraska," Nebr. Geol. Survey Bull. 3, Second Ser. (1030), pp. 54-56-
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quartzite in the Sioux Falls region dominates the substructure of 
surrounding areas. Undoubtedly there is considerable relief on the 
old quartzite surface and in addition to minor relief features there 
seem to be large ridge-like and wide valley features radiating away 
from the area of exposure into northwestern Iowa, northeastern 
Nebraska, and eastern South Dakota . I t would also seem likely that 
this large high area is connected on the south with the buried Nemaha 
mountains or "Grani te (?) r idge" in the southeastern par t of the state. 
The continuity of this ridge with the Sioux Falls "h igh" is interrupted 
by a saddle north and northwest of Omaha, as indicated on the map. 
There is some evidence to indicate the presence of a secondary small 
"h igh" or structure northwest of Omaha. 
Succeedingly younger systems of rock rest unconformably against 
the flanks of the Sioux Falls "h igh" by overlap, implying their de-
position higher and higher against the quartzite during its existence 
as an island in the Paleozoic and Mesozoic seas. 
The Nemaha ridge is perhaps the most interesting feature of the 
pre-Cambrian surface under Nebraska. Its configuration and relief 
are shown on the map. Convincing evidence has now accumulated to 
show that the steep east slope is a fault scarp, with a relief of more 
than 3,100 feet in a horizontal distance of about 13 miles between the 
well at Du Bois, number 1, and the Salem well, number 14, in the 
Brownville-Forest City basin. Busby9 has shown that the displace-
ment of Pennsylvanian beds a t some points along this fault, known as 
the Humboldt fault, is as much as 250 feet. The displacement along 
the same fault or zone of faults of lower and older Paleozoic forma-
tions, where the same beds occur over the ridge and also in the basin, 
is several times this amount . The younger systems of rock rest un-
conformably against the pre-Cambrian Sioux quartzite and granite 
by overlap, as was also noted in the case of the Sioux Falls pre-
Cambrian "h igh ." These facts will be referred to again later. 
Condra10 has described the Nemaha mountains as follows. 
Granite (?) Ridge: An area in western Richardson County and eastern 
Pawnee County and extending southward and southwestward through Kan-
sas, past Seneca, Beattie, Blue Rapids, Wamago, Zeandale and Eldorado, is 
underlain by granite at a comparatively shallow depth. This high, pre-
Cambrian ridge has been described by Dr. R. C. Moore as the Nemaha Moun-
tains. It is a buried structural feature in the Table Rock and related anti-
clines. 
9
 C. E. Busby, "A Detailed Study of the Table Rock Anticline and the Humboldt 
Fault in Southeastern Nebraska," unpublished thesis, University of Nebraska Library, 
Lincoln, Nebraska. 
10
 "Deep Wells of Nebraska," p. 132. 
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The Paleozoic formations are quite thick, in each flank of the Table Rock 
anticline up to near the borders of the granite ridge. This is well shown by 
wells drilled in Nebraska and Kansas. The condition on the east is shown 
by the Du Bois and Salem wells of Nebraska, and that on the west is shown 
by the Blue Rapids and Marysville wells of Kansas. A well about four miles 
northeast of Blue Rapids, Kansas, reached crystalline rocks at probably 1,600 
feet whereas a well about 2 miles south of Marysville was yet in the Paleozoic 
beds when abandoned at 2,335 feet-
The Brownville-Forest City basin, which extends into the ex-
treme southeastern corner of Nebraska is the most notable basin 
feature of the eastern part of the state. It is probably definitely 
separated from another basin which extends northwestward from 
south-central Iowa toward the saddle feature north of Omaha, al-
ready noted. This is shown on the map (Fig. 1). 
Southwestward from the Sioux Falls high and westward from the 
Nemaha ridge, the pre-Cambrian surface slopes gradually into the 
great central Nebraska basin which extends southward into Kansas 
and northward into South Dakota. Since almost no data are available 
from this great central basin area, little is known of either the pre-
Cambrian configuration under it or of the Paleozoic formations that 
may occur in it. 
The central basin is limited on the southwest by the Cambridge 
anticline, wells 8 and 10 on the map, and on the northwest by the 
Chadron "dome" and the Black Hills as indicated on the map. The 
continuity of the Cambridge and Chadron "highs" or structures across 
the state as suggested by the contours, is largely hypothetical. How-
ever, additional evidence in support of such a structural connection 
was obtained during the 1932 field season, when it was found that 
the Niobrara formation lies directly under the Tertiary beds a few 
miles east of the town of North Platte. This indicates that an anti-
clinal structure extends under the Platte Valley at this point, since 
Pierre shale occurs east of this point nearly as far as Grand Island, 
and west of the high point on the Niobara, the Pierre shale dips south-
westward. This may indicate a ridge or core of pre-Cambrian rock in 
this long anticline across the state as suggested on the map. 
Structures in the Cretaceous and underlying older formations 
down to and including a part of the Pennsylvanian system near the 
southwest corner of the state (Phillips Petroleum Company's George 
Andrews No. 1, number 17 on the map) indicates a reversal of dip 
and the existence of an anticline in this area. There is no evidence to 
show that this structure reflects a "high" on the pre-Cambrian, but 
if it does, it falls within the 500-foot contour interval and is not in-
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dicated on the map. Westward of this the pre-Cambrian floor slopes 
steeply into a deep basin in northwestern Colorado. This basin ex-
tends across the western end of Nebraska and northwestward into 
Wyoming between the Black Hills and the Hartville uplift. 
TOPOGRAPHIC AND STRUCTURAL INTERPRETATION 
The major relief features on the pre-Cambrian floor under Neb-
raska and adjacent areas, as previously described, are believed first 
to have come into existence near the close of the pre-Cambrian time 
itself, probably in late or post-Huronian time. It seems probable that 
the Sioux Falls "high" and other positive features like the Nemaha 
ridge and possibly even the Cambridge anticline were first elevated 
into some prominence during the orogeny which brought the Protero-
zoic era to a close. This disturbance is commonly known as the Kil-
larney-Grand Canyon revolution. There may even have been a 
structural as well as a generic connection between these ancient north 
mid-continent structural features and the long and prominent Kil-
larney Mountains, which are supposed to have extended from northern 
Minnesota northeastward to the Atlantic. 
The relative age of the pre-Cambrian schist, quartzite, and granite 
under Nebraska can not be determined, but some evidence has al-
ready been given to suggest that the quartzite (Sioux) is younger than 
the schist. However, the quartzite may be more or less equivalent in 
age to the schist and may have a more or less interlayered or inter-
fingered relation to the latter. The quartzite may have been deposited 
as sand and gravel nearer the ancient shore lines and the schist may 
have been, at least in part, more or less contemporaneous fine-tex-
tured sediment laid down more remote from the source areas on the 
northeast. Volcanic products may have been contributed to the com-
plex from time to time in some places. 
Granitic sills, dikes, et cetera, were undoubtedly intruded into 
the metamorphic series during or following the major orogenic events. 
The granite of the Nemaha mountains, the "Granite ridge" of south-
eastern Nebraska and Kansas, is undoubtedly of pre-Cambrian age 
and it seems probable that it was intruded into the somewhat older 
schist and quartzite at the same time and later uncovered by erosion. 
The same may be true of the granite in the Cambridge anticline. The 
large extent and volume of buried granite, especially in Kansas, sug-
gests that it may be a pre-Cambrian batholith, not unlike the Harney 
Peak batholith of the Black Hills, with sills, dikes, et cetera, emanat-
ing from the parent igneous mass. 
The initial faulting along the east face of the Nemaha mountains 
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must have taken place contemporaneously with or following the sub-
jacent injection of the granite. An alternative assumption is that the 
granite is the oldest rock, was peneplaned, and then more or less 
covered with sediment which had since been metamorphosed and the 
whole complex later faulted prior to Cambrian time. 
Additional faulting has taken place along the same rifts at several 
later periods during the Paleozoic era. This will be more fully dis-
cussed later. 
A period of weathering and erosion, possibly even of peneplana-
tion, followed the appearance of these prominent topographic features, 
as the Sioux Falls "h igh ," the Nemaha mountains, et cetera, prior 
to the more or less complete marine inundations of the region during 
the Paleozoic era. All of the details of this early history are indistinct 
and may never be fully known, but it is clear tha t monadnock-like 
topographic and structural high areas or ridges featured the early 
Cambrian landscape of this region. The basins received their earliest 
Paleozoic sediments during late or upper Cambrian time, the epoch 
during which the Cambrian flood at tained its maximum extent in 
tha t period. 
Proof of the monadnock-like character of the buried pre-Cambrian 
"highs" and ridges is found in the unconformable overlap relations 
of the higher and younger formations and systems of rocks against 
and onto the ancient crystalline rocks. Deep wells east of the Nemaha 
ridge or low on its slopes in any direction usually penetrate several 
hundred feet of older s t ra ta which were not deposited over the crest 
of the ridge. These older s trata , especially the lower Ordovician 
and Cambrian formations, thin out against the pre-Cambrian. Speak-
ing of the Nemaha ridge in connection with the Plat te section, G. E. 
Condra11 says: 
The rock systems younger than the Sioux quartzite in this general area, as 
shown by well logs, are the Cambrian, Ordovician, Silurian, Devonian, Mis-
sissippian, Pennsylvanian and Cretaceous. Some of the lower Paleozoic forma-
tions thin out and overlap against the Sioux quartzite high. For example, the 
Cambrian beds occur well out on the east and north flanks of the buried sub-
structure but disappear against the latter. This is also true of the lower units 
of the Ordovician. 
The data in the table below and the figure which follows illustrate 
this interpretation of the Nemaha ridge. The Capitol Beach well at 
Lincoln is located approximately 38 miles west of the Amerada well 
a t Nehawka and is relatively low on the pre-Cambrian slope. Ap-
11
 G. E. Condra, "Correlation of the Pennsylvanian Beds in the Platte and Jones 
Point Sections of Nebraska," Nebr. Geol. Survey Bull. 3, Second Ser. (1930), p. 54. 
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proximately 72 feet of Cambrian sandstone (Jordan) and 113 feet 
of lower Ordovician beds were deposited a t Lincoln against the west 
flank of the Nemaha ridge before St. Peter time, when the sea ex-
tended over the ridge at Nehawka. South of Nehawka a t the Table 
Rock and Du Bois vicinity the pre-Cambrian remained above water 
level until Pennsylvanian time. Between Nehawka and the Du Bois 
vicinity and between Lincoln and Du Bois, the entire Silurian, Devon-
ian, Mississippian, and the lower par t of the Pennsylvanian rest 
unconformably against the pre-Cambrian slope, each younger system 
overlapping beyond the older ones. 
TABLE IV 
SEA-LEVEL ELEVATIONS or Tops or SYSTEMS OR FORMATIONS IN WELLS USED TO ILLUS-
TRATE STRUCTURAL HISTORY OP NEMAHA RIDGE 
(Figures in Feet) 
System or 
Formation 
Lincoln 
(Capitol Beach) 
Curb Elevation 
1140 
Nehawka Papillion Nebraska City 
(Amerada) (Victor Jeep) (Brick Plant) 
Curb 1134 Curb Elevation 1114 Curb Elevation 932 
Mississippian +71* (6oi)f +672* +614* 
Devonian 
Silurian 
Maquoketa 
St. Peter 
Cambrian 
Pre-Cambrian 
-78 
- 2 2 8 
-673 
-807 
-981 
- i°53 
(488) 
(653) 
(395) 
(423) 
X 
(620) 
+ 4 1 0 
+365 
- 2 7 8 
- 3 8 4 
Absent 
-433 
+364 
+ 169 
- 3 4 1 
- 4 5 4 
-606 
- 7 5 6 
(S8)t 
(46) 
,, 196) 
(63) 
(7o) 
§ 
(323) 
- 8 8 * 
- 5 0 8 
- 673 
— I22g 
-1390 
-1687 
-1942 
(760) j 
(918) 
(1038) 
(95i) 
( l006) 
(1509) 
* Sea-level figures are given to the nearest even foot, elevations above sea-level are headed by a 
plus (-f-) sign, and elevations below sea-level are headed by a minus ( —) sign. 
t Figures in parenthesis indicate the number of feet the top of any system or formation occurs lower 
in the well in question than the top of the same bed in the Nehawka (Amerada) well, located on top of the 
Nemaha ridge. 
% A total of nearly 246 feet of St. Peter, lower Ordovician, and Cambrian beds occur in the Capitol 
Beach well, of which only 49 feet of St. Peter, resting on the Sioux quartzite, occur in the Nehawka well. 
§ A total of 302 feet of St. Peter, lower Ordovician, Cambrian, and Red Clastic series occur in the 
Victor Jeep well, of which only 49 feet of St. Peter, resting on the Sioux quartzite, occur in the Nehawka 
well. || A total of 552 feet of St. Peter, lower Ordovician, and Cambrian beds occur in the Nebraska City 
well, of which only 49 feet of St. Peter, resting on the Sioux quartzite, occur in the Nehawka well. 
The same relation exists between the Amerada well and the Victor 
Jeep well a t Papillion, approximately 25 miles north of Nehawka. In 
the Jeep well 20 feet of Red Clastic series, 130 feet of Cambrian 
formations, and 115 feet of the Prairie du Chien group were deposited 
on the pre-Cambrian quartzite slope prior to St. Peter time, when the 
sea covered both the Jeep and Amerada locations. 
The Brick Plant well at Nebraska City is located about 14 miles 
southeast of the Amerada location at Nehawka. I t illustrates the 
same relations as the Jeep and Capitol Beach wells, and in addition, 
the subsequent Paleozoic faulting along the east face of the Nemaha 
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ridge. If the bottom of the Nebraska City well reached Sioux quartz-
ite or nearly reached it, then at least 250 feet of Cambrian, and 272 
feet of Ordovician beds below the St. Peter were deposited here prior 
to St. Peter time. These older beds were then deposited on the east 
flank against the pre-Cambrian slope and their thickness of more than 
500 feet quite probably is a fair measure of the relief on the Sioux 
quartzite between Nehawka and Nebraska City at the time of the 
first Cambrian sedimentation at Nebraska City, since it seems logical 
to assume a relatively level St. Peter sea bottom. The relief on the 
pre-Cambrian surface from Du Bois eastward into the Forest City 
FIG. 2.—East-west relationships across pre-Cambrian Nemaha ridge. 
basin must have been at least 1,000-1,500 feet greater at the same 
time. It may even have been much more than this. 
The top of the St. Peter formation is now about 1,000 feet lower 
at Nebraska City than it is at Nehawka. It is thought that this is a 
result of subsequent displacement between these locations. Post-
Pennsylvanian Permian faulting along the Humboldt fault has pro-
duced a displacement of 200-250 feet. The top of the Mississippian 
system is 760 feet lower at Nebraska City than at Nehawka; hence 
it seems reasonable to assume that the post-Mississippian displace-
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ment may have been as much as 500 feet, and by similar reasoning 
the post-Devonian displacement may have been in the neighborhood 
of 100 feet. Likewise it is thought that there may have been as much 
as 50-100 feet of displacement along the old fault following Silurian 
and also following Ordovician sedimentation. The Ordovician is ap-
parently conformable on the Cambrian. Unconformities occur above 
the Ordovician, Silurian, Devonian (?), and Mississippian systems 
and this fact may complicate the interpretation of the figures. 
There is nearly twice as much Cambrian and lower Ordovician 
sediment below the St. Peter horizon at Nebraska City as at either 
Lincoln or Papillion. This is no doubt due to the greater depth of the 
basin at Nebraska City, which may have been a result of faulting 
accompanying or following the initial elevation of the Nemaha ridge. 
The fault passes east of Nehawka and Papillion, so that the Papillion 
and Lincoln locations have been raised from time to time with the 
whole Nemaha block. However, the block has also been tilted, raising 
points on its crest higher than points farther down on its western 
and northern slopes. This fact accounts for the St. Peter formation 
being 583 feet higher at Lincoln, and 936 feet higher at Papillion 
than at Nebraska City. The Papillion location is nearly on the crest 
of the ridge and has been elevated nearly as much as the Nehawka 
location. 
Other pre-Cambrian "highs" and ridges, such as the Sioux Falls 
area, the Cambridge anticline, and the Chadron dome, probably have 
similar histories and all are believed to have had their beginning at 
or near the close of pre-Cambrian time. The subsequent history of 
each high or ridge may have been different and more or less individual-
istic, but it seems certain that the structural framework of Nebraska 
came into existence in late pre-Cambrian time and has dominated 
the structural and depositional history of the state ever since. 
PART I I . PRE-PENNSYLVANIAN PALEOZOIC ROCKS 
Every Paleozoic system below the Pennsylvanian is represented by 
identifiable rocks in the subsurface section of Nebraska, and all are 
present at least east of the buried Nemaha ridge, previously discussed. 
The Cambrian, Ordovician, and Mississippian systems are known to 
occur west of this pre-Cambrian ridge, under the southern part of 
the state. However, every system except the Cambrian, if absent, 
is believed to be present in the Capitol Beach well at Lincoln. The 
Cambrian and Mississippian systems only are known to occur under 
the northwestern part of the state. The exact subsurface distribution 
of these rocks is not known with any accuracy. Also, the Silurian and 
T A B L E V 
P R E - P E N N S Y L V A N I A N S Y S T E M S O P R O C K E N C O U N T E R E D I N D E E P W E L L S I N 
(Thicknesses in Fee t ) 
Mississippian 
Devonian 
Silurian 
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N o t e : Ail da ta in the table are taken from "Beep Wells of Nebraska ," by G. E . Condra, E . F . Schramm, A. L. Lugn, N 
the names of wells are those used in this bulletin. The figures indicate the thicknesses of the systems penetrated, except where th 
dicates t ha t the bottom of the test was a t this point. 
* Several other wells in or near Omaha also reach the Mississippian rocks or penetrate into older formations but the reco 
to be included here. This is also t rue of the deep well a t Haddam, Kansas. Also, a deep well a t Red Cloud and one a t Campbel 
t T h e data on the Trees, Bergman well No . 1, near Holdrege, have been only tentat ively determined from the log and a 
the Nebraska Geological Survey. The log of this well has not yet been published. 
J The drilling at the Morgan well near Salem has penetrated Mississippian, Devonian, Silurian, and Ordovician rocks so 
log has been tentatively worked out by A. C. Hornady . Since the preparation of this table and the completion of this manus 
at a depth of about 3,500 feet on a ferruginous sandstone, presumably the top of the Cambrian system. 
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Devonian systems, while not yet recognized, are not certainly known 
to be absent in the great Paleozoic basin of central Nebraska (Fig. 1), 
or west of the Cambridge anticline. These systems may well be present 
in the basins and low on the flanks of the anticlines and buried ridges; 
since most of the deep tests have been located on structural and pre-
Cambrian "highs," these systems of rock may not have been en-
countered. 
Table V, "Pre-Pennsylvanian Systems of Rock Encountered in 
Deep Wells in Nebraska," is representative of the thicknesses and 
known occurrences of the systems under discussion. "Deep Wells of 
Nebraska" should be consulted for detailed information and logs of 
these and other deep wells which penetrate the older Paleozoic rocks 
of the state. 
The early Paleozoic seas undoubtedly extended over the pre-Cam-
brian surface from several directions. The Nemaha ridge projected 
above the water level and remained a large island or chain of islands 
until Pennsylvanian time, being more completely inundated during 
each successive period. There were rejuvenating uplifts from time to 
time, as explained earlier in this paper (see "Pre-Cambrian, Topo-
graphic, and Structural Interpretation"). The Sioux Falls area of 
pre-Cambrian remained a prominent land mass throughout the 
Paleozoic era and during much of the Mesozoic era. The Cambridge 
anticline and the Chadron dome were apparently covered by the 
Cambrian sea but were elevated above water level afterward and 
remained islands until Pennsylvanian time, except the Chadron dome, 
which was covered by the Mississippian sea. This is indicated by the 
presence of Cambrian rocks (Deadwood or equivalent) in the Nor-
catur (Kansas) well, the Watkins well at Cambridge, and the Duthie 
well near Chadron.12 
Post-Ordovician uplift occurred at Riverton and near Holdrege, 
as indicated by the presence of Cambrian and Ordovician formations 
in the Ohio well at Riverton and in the Trees, Bergman well No. 1. 
at Holdrege. The Silurian and Devonian systems seem to be absent 
in both of these wells, but both locations were again covered by the 
Mississippian sea as indicated in Table V. 
The absence of Cambrian materials in the Amerada well at 
Nehawka, and the absence of all pre-Pennsylvanian formations at 
Table Rock and Du Bois, is easily understood in the light of what has 
already been said, since these points were on or near the crest of the 
12
 For detailed logs of these wells, see "Deep Wells of Nebraska," pp. 224-27, 
228-31, 275-77. 
FIG. 3.—Correlation of pre-Pennsylvanian systems in Nebraska and 
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Nemaha ridge. However, the lack of Cambrian deposits, if absent, 
in the Capitol Beach well at Lincoln is not so easily understood. 
It is regrettable that several wells, otherwise good tests, which 
reached the Mississippian rocks, were not drilled deeper to penetrate 
older systems, if present, or to the pre-Cambrian. Also, it is unfortu-
nate that better logs and complete suites of samples are not available 
from a few other wells, which penetrated the older formations and 
even reached the pre-Cambrian. 
The pre-Pennsylvanian Paleozoic section of Nebraska, at least 
under the eastern part of the state, is almost identical with the early 
Paleozoic section of Iowa, as exposed in northeastern Iowa and known 
from deep wells in that state.13 Many of the formations are believed 
to extend continuously from the areas of exposure under Iowa into 
Nebraska. Most of them are known to thin southwest under Iowa 
and this fact has been further substantiated by studies in Nebraska. 
The Silurian system is the only one which thickens in the eastern part 
of this state. The Cambrian and Ordovician systems, west of the 
Nemaha ridge, change somewhat in lithology and lose to some extent 
their identity with Iowa formations, and resemble more the Cambro-
Ordovician rocks of Oklahoma (Arbuckle section—Regan sandstone 
to Sylvan shale interval). The Cambrian sandstone on the Cambridge 
anticline has been referred by some to the Deadwood formation of 
the Black Hills. The Deadwood formation is recognized in the Duthie 
well northeast of Chadron. 
Figure 3 represents four Nebraska wells correlated with a general-
ized Iowa pre-Pennsylvanian section. The Maquoketa-Silurian con-
tact is made a straight horizontal line to facilitate correlation in the 
figure. The vertical position of the beds in no way indicates structure. 
However, the figure, drafted in this way, does seem to substantiate 
the reasonableness of assuming an essentially level St. Peter sea bot-
tom, in eastern Nebraska, as previously mentioned on page 1610. It is 
thought that sedimentation continued over a nearly level sea bottom 
until the close of Ordovician time (Maquoketa). 
RED CLASTIC SERIES 
The "Red Clastic series," which has been reported as occurring 
widely distributed at the base of the Paleozoic section in Iowa,14 has 
been recognized at a few places in Nebraska. It is an arkosic sand-
stone or conglomerate and is usually more or less red. It usually 
13
 Iowa Geol. Survey, Vols. XXI and XXXIII . 
14
 W. H. Norton and others, "Underground Water Resources of Iowa," Iowa Geol. 
Survey, Vol. XXI (1912), pp. 70-71. 
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contrasts rather strikingly with the overlying lighter-colored, cleaner 
quartz sandstones of the Cambrian, which may be unconformable on 
it. 
The arkosic character of the "Red Clastic series" also contrasts 
noticeably with overlying sandstones, and this characteristic permits 
it to be fairly well described by the expression, "Granite wash," some-
times applied to basal materials of almost any age derived by weather-
ing from ancient crystalline rocks. It may be in part a residue of 
weathering and in part transported and reworked by sub-aerial 
agencies, when the pre-Cambrian surface was exposed, prior to the 
upper Cambrian inundation. 
Its age is then problematical. Norton15 considers that this material 
may be pre-Cambrian in age, or that it may be middle Cambrian; 
in any case he seems to think that it is not closely related to the true 
upper Cambrian marine deposits. 
CAMBRIAN SYSTEM 
The true Cambrian formations so far identified from Nebraska 
wells, are thought to be the same as those known in Iowa and have 
been so correlated. They are all believed to belong to the Croixan 
series of upper Cambrian age. The Cambrian beds of eastern and 
southern Nebraska are also thought to be more or less equivalent to 
the Deadwood formation of the Black Hills, and to the Cambrian 
deposits of Oklahoma. 
It is generally true that the Cambrian subdivisions are more diffi-
cult to recognize in Nebraska than in eastern Iowa, the sandstone 
units are more dolomitic and the dolomite units are more sandy. 
Differentiation of the individual lithologic units is easier to recognize 
in the southeastern part of the state, near or east of the Nemaha 
ridge, than elsewhere. The oldest Cambrian formations, so far recog-
nized in the state, have been found in wells located some distance, 
usually several miles, from the crest of the ridge and, for the most 
part, east of it in the "Forest City basin." 
The lowest Cambrian formations recognized in Iowa, the Mount 
Simon sandstone and the Eau Claire formation, have not as yet been 
recognized here, but even these beds may occur and may yet be 
identified from deeper drillings low on the flanks east of the "Nemaha 
Mountains." 
Dresbach sandstone.—This formation seems to range from 15 to 
64 feet in thickness. It may be even thicker in some places and is 
entirely absent under large areas. It is made up of rounded to sub-
15
 W. H. Norton, op. cil., pp. 70-71. 
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angular quartz sand with a little fine admixture. It is usually white-to-
light yellow-buff in color, and clean, but may contain some dolomitic 
cementing material. 
St. Lawrence formation.—This formation is made up of a lower 
member of marly glauconitic shale, containing many fine angular 
quartz particles known as the Franconia member, and an upper more 
or less massive dolomite unit known as the Trempealeau dolomite 
member. Both of these members are thought to have been recognized 
in the Victor Jeep well near Papillion. Here the Franconia member 
is 25 feet thick and is a dolomitic marl containing much very fine 
angular quartz silt, similar to but less pure than the Trempealeau 
member above. The Trempealeau dolomite member in the Jeep well 
is 53 feet thick, pure, gray, sparkling dolomite, vesicular and iron 
stained. The St. Lawrence formation is also believed to have been 
recognized in the Lane well near Omaha, where it may be 116 feet 
thick, and in the Ohio well at Riverton, where 37 feet of the formation 
may have been penetrated at the bottom of the well. 
Jordan sandstone.—This formation is believed to have been recog-
nized in the Lane, Jeep, Brick Plant (Nebraska City), and Ohio 
(Riverton) wells and ranges from 18 to 68 feet thick. As a whole, it 
consists of fine-to-medium-coarse sand. The grains are usually angular 
to sub-angular fairly clean clear quartz. In the Jeep well at Papillion 
the texture is a little coarser than elsewhere and the grains are rounded 
to subangular. Nearly all parts of the formation are cemented with 
light gray-to-buff-colored crystalline dolomite. Some zones are more 
nearly pure dolomite and other zones contain some glauconite. Por-
tions of the formation are more or less ferruginous and somewhat 
vesicular. In reality the formation is more of a dolomite or dolomitic 
"grit" than a sandstone. 
ORDOVICIAN SYSTEM16 
This system has been identified in ten deep test wells drilled in 
Nebraska. They are the Miller Park and Lane wells in Douglas 
County; the Fort Crook, Jeep, and Schuyler wells in Sarpy County; 
the Nehawka (Amerada) well in Cass County; the Brick Plant well 
at Nebraska City in Otoe County; the Capitol Beach well in Lancaster 
County; the Ohio well at Riverton in Franklin County,and the Mor-
gan well near Salem in Richardson County. 
The known thickness of the rocks of this system in the state ranges 
from 154.5 feet in the Nehawka well, where the lower part of the 
16
 The writer is indebted to K. C. Reed, graduate student, University of Nebraska, 
for the tabulation of much of the data on the Ordovician system used in this paper. 
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FIG. 4.—• Section showing thickening of formations northward over crest of Xemaha ridge. 
PAP LLtON\'!0° 
FIG. 5.-—Stratigraphy west of and along Nemaha ridge. Nehawka and Papillion are on 
or nearly on crest of ridge. See also Figure 4. 
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Ordovician (the Prairie du Chien) is missing and the St. Peter sand-
stone rests directly on the pre-Cambrian Sioux quartzite, to a maxi-
mum of 458 feet at Nebraska City. The average thickness is approxi-
mately 281+ feet. The Ordovician thickens northward over the 
crest of the buried Nemaha ridge from nothing at Du Bois to 154.5 
feet at Nehawka, 265 feet at Papillion, and 272 feet in the Lane well 
near Omaha. This is well shown in Figure 4. Farther north, at Sioux 
FOQfsr dry 
Drawn kj fr £^..ft„J 
FOREST C/rr BASIN 
FIG. 6.—Forest City basin east of Nemaha ridge at Du Bois. See also Figure 7. 
City, Iowa, there appears to be about 300 feet of Ordovician present, 
as indicated in Figure 8. 
West of the buried Nemaha mountains the section thickens grad-
ually to 308 feet at the Capitol Beach well at Lincoln and 305 feet 
were penetrated at Riverton. This system thins out to nothing at 
some point between Riverton and Cambridge. But east of the Nemaha 
ridge, the system thickens to a maximum of 458 feet at Nebraska City 
and 340 feet are present in the Fort Crook well and about 400 feet 
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have so far been encountered in the Morgan well near Salem. These 
relationships are shown in Figures 2, 3, 4, 5, 6, and 7. Ordovician 
rocks may be expected, at depth, under at least the southeastern 
third of the state, with the exception of a small narrow area along 
the crest of the buried Nemaha mountains. 
The Prairie du Chien group is made up of the Oneota, New Rich-
mond, and Shakopee formations and is the older lower magnesian 
"series" in contrast to the Platteville-Galena, the old upper mag-
nesian "series" of the earlier literature. The Prairie du Chien group 
is no doubt equivalent to the upper part of the Arbuckle limestone 
of Oklahoma. 
Oneota dolomite.—This formation ranges from 8 to 90 feet in 
thickness, but is generally thin, averaging not much more than 10-20 
feet. The thickness of 90 feet, in the Ohio well at Riverton, may be 
too great or else it indicates a rather unusual local development. It 
is generally white or light gray-to-buff, somewhat vesicular, very 
pure crystalline sparkling dolomite. The cleavage fragments of the 
sparkling white dolomite are often mistaken for "sand" by drillers. 
The formation contains thin "seams" or partings of dark red, green-
ish, or dark gray-to-black shale. Angular fine quartz grains are found 
in some zones. 
New Richmond sandstone.—This formation is much like the under-
lying Cambrian sandstones described earlier in this paper. It ranges 
from 12 to 42 feet in thickness and averages about 15 feet. It is really 
a dolomitic "grit" with many fragments of fine angular quartz or 
sand. Where it is very dolomitic, it is white-to-buff, crystalline, more or 
less ferruginous, pyritic, with thin partings of reddish, dull green-to-
black shale. It almost everywhere contains angular quartz grains in 
greater quantity than the Oneota below or the Shakopee formation 
above. It is a "sandstone" only by comparison with the purer dolo-
mites above and below it. 
Shakopee dolomite.—This formation ranges in thickness from 57-
155 feet and averages about 90 feet. It is a massive pure dolomite, 
white-to-buff in color, crystalline, slightly ferruginous, more or less 
vesicular, contains zones and thin partings of shale, usually green 
but in places red-to-black. Its cleavage fragments are sparkling and 
white, sometimes ferruginous, and like the fragments of the Oneota 
are sometimes mistaken for "sand" by drillers. In some places certain 
zones contain angular grains of fine quartz sand, but it is usually 
not "sandy." 
St. Peter sandstone.—The formation of the Shakopee dolomite, 
the upper member of the Prairie du Chien group, was followed by 
l622 A. L. LUGN 
uplift and general and widespread sub-aerial erosion. One of the most 
important unconformities of the lower Paleozoic occurs at this point. 
Trowbridge17 has described the development and the magnitude of 
this Prairie du Chien-St. Peter unconformity and has shown that the 
relief on the Prairie du Chien is as much as, or more than, 150 feet in 
northeastern Iowa. Trowbridge also pointed out the existence of two 
phases of the St. Peter formation: a valley phase and an upland phase. 
The existence of these two phases and the unconformable relation of 
the St. Peter sandstone to the dolomite below in Nebraska are both 
supported by evidence from several deep test wells. 
The St. Peter formation has been recognized and differentiated 
with reasonable certainty in eight deep wells in Nebraska: the Miller 
Park, Lane, Jeep, Schuyler, Nehawka (Amerada), Nebraska City, 
Capitol Beach, Trees Bergman No. 1 (Holdrege) wells. It has been 
penetrated also in the Fort Crook and Riverton wells, but has not 
been differentiated. 
The valley phase of the formation is thought to have been recog-
nized in the Amerada well at Nehawka (7 feet only), the Schuyler 
well at Papillion (the lower 22 feet), and perhaps the lower 20-30 
feet of the formation in the Capitol Beach well at Lincoln may be-
long to the valley phase. This phase consists of interbedded conglom-
erate, shale, and sandstone layers, thin for the most part. The con-
glomerate layers consist of dark pebbles in gray sand; the shale is 
also gray. Oboloid brachiopod fragments are fairly abundant. 
The formation as a whole ranges from 12 feet thick in the Lane 
well to 61 feet in the Schuyler well near Papillion. Its thickness 
averages about 45 feet. The upland phase is quite uniform in lithol-
ogy, continuous and extensive in its occurrence. It is thought to have 
been recognized in a layer of sub-rounded, moderately fine, frosted 
quartz sand, in the Trees Bergman well No. 1 at Holdrege, at a depth 
of about 4,390 feet below the surface. The thickness of the bed is 
unknown as samples were preserved from only 9 feet, from a depth of 
4,386 to 4,395. The St. Peter sandstone is usually clean, light gray-
to-almost white, fine-textured, well rounded and even frosted, quartz 
sand grains. It is usually more well rounded and finer in texture than 
the Cambrian sandstones and is generally friable and not cemented 
with dolomite. The St. Peter formation is not sharply differentiated 
from the overlying sandy shale, the Glenwood, into which it seems 
to grade. 
The St. Peter formation of Iowa, Missouri, and Nebraska is 
17
 A. C. Trowbridge, "The Prairie du Chien-St. Peter Unconformity in Iowa," 
Proc. Iowa Academy of Science, Vol. 24 (1017), pp. 177-82. 
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thought to be equivalent to one or more of the so-called "Wilcox" 
sand horizons of the Simpson formation of Oklahoma. 
Glenwood shale.u—This formation is recognized as a distinct strati-
graphic unit by the Iowa State Geological Survey, but most geologists 
and other State surveys usually regard it as the lower part of the 
Platteville formation. It has been differentiated in the Lane, Jeep, 
and Amerada wells in Nebraska and has been recognized but not 
differentiated in several others. Where differentiated, it ranges from 
16 to 43 feet in thickness and consists of hard, dark greenish shale 
with selenite crystals and dark thin gray limestone layers, some sand-
stone seams, more sandy in the lower part. The Glenwood beds are 
transitional between the St. Peter sandstone and the Platteville 
limestone. The Glenwood and the Decorah shales are much alike, 
but both differ from the Maquoketa shale in being harder, and typi-
cally brighter green, at least greenish, whereas the Maquoketa is 
usually bluish gray or bluish green in color. 
The Glenwood shale has yielded fragments of "flattish ramose 
bryozoa," Rafinesquina sp., Dalmanella sp., and Pinonodema sub-
aequata from the core of the Amerada well.19 
Platteville limestone.—This formation is generally included with 
the Glenwood and Decorah shales in most logs. It has been differ-
entiated in the Lane, Jeep, and Amerada wells. It consists of 20 
feet of "earthy blue and gray dolomitic limestone, massive, with 
some shaly partings" in the Jeep well at Papillion. It is 7 feet thick 
in the Schuyler well, also near Papillion, and is an "earthy blue and 
gray, argillaceous, dense limestone." The "Platteville limestone, 
brownish, fine grained, dense, conchoidal fracture," is said to be very 
typical in the core of the Amerada (Nehawka) well. It is 7 feet 2 
inches thick in this core and has yielded Rafinesquina sp., and 
Trematis ottawaensis. 
Decorah shale.—This formation includes all shale and calcareous 
beds between the Platteville and Galena formations. It has been 
recognized in the Lane, Jeep, Schuyler, Amerada (Nehawka) wells, 
and possibly in the Nebraska City (Brick Plant) well. It is usually 
about 20 feet thick and consists of a lower shale, the Spects Ferry 
member, a middle gray and argillaceous limestone, the Guttenberg 
18
 W. H. Norton and others, "Underground Water Resources of Iowa," Iowa Geol. 
Survey, Vol. XXI (1012), pp. 83-84. Also, U. S. Geol. Survey Water-Supply Paper 293, 
pp. 73-74. Also, "Deep Wells of Iowa," Iowa Geol. Survey, Vol. XXXIII (1928), pp. 
33-36-
19
 "Deep Wells of Nebraska," pp. 71-86. 
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member, and an upper dark sandy shale, the Ion member.20 The 
Decorah beds are commonly distinctly dark green and greatly re-
semble the Glenwood shale. In fact, the beds above the St. Peter 
sandstone to and sometimes including the Galena dolomite, are inter-
pretable in more than one way. According to one interpretation the 
Decorah formation is only 17 feet thick in the Amerada core, but it 
can be otherwise interpreted to include other horizons, in which case 
it can be regarded as being 33 feet, 6 inches, thick in the same core. 
The writer favors the first interpretation, but has stated the basis for 
the validity of the second interpretation.21 
The upper shale member has yielded the following fossils from 
the Amerada core: fragments of ramose bryozoa, Rhinidictya sp., 
Homotrypa sp., Monticulipora sp., Rafinesquina sp., Rhynchotrema sp., 
Plectambonites sp., Zygospira recurvirostris. 
Galena dolomite.—The Galena formation is a distinctive lithologic 
unit of most well logs. It is usually recognized and is easily identified. 
It has been differentiated in the following wells in Nebraska: Miller 
Park, Lane, Fort Crook (?), Jeep, Schuyler, Amerada (Nehawka), and 
Nebraska City (Brick Plant). It is believed that it will be differen-
tiated in the Trees Bergman well No. 1 at Holdrege and that it will 
be found to be unusually thick in the Morgan well near Salem. It 
was no doubt penetrated in the Ohio (Riverton) well, but has not 
been definitely differentiated in the log. 
The Galena formation is a grayish white-to-buff-colored, hard, 
finely crystalline, sparkling dolomite and magnesian limestone. It is 
more or less vesicular, and contains some chert and pyrite. It may 
include thin partings of greenish, hard calcareous shale. From data 
so far available, it ranges in thickness from 15 to 35 feet, averaging 
about 22 feet. 
Maquoketa shale.—This shale is one of the most distinctive and 
easily recognized formations in the entire lower Paleozoic section 
under Nebraska. Its thickness ranges from 20 feet to 113 feet and 
averages about 38 feet. However, about 60 feet is regarded as a more 
normal thickness. It is thin (20-30 feet), over the crest of the Nemaha 
ridge and thickens (60-113 feet), on the flanks of the ridge and in the 
basins. It has been recognized and differentiated in 10 deep wells in 
the state. It is bluish gray shale, calcareous, massive, somewhat 
20
 G. Marshall Kay, "Stratigraphy of the Decorah Formation," Jour. Geo!., Vol. 
XXXVII (October-November, 1929),pp. 639-71. Also, G. Marshall Kay, "Correlatives 
of Mohawkian Sediments in Kansas," Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 9 
(September, 1929), pp. 1213-14. 
21
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pyritic, and in very small fragments appears bluish green or greenish 
under magnification, especially with transmitted light. In bulk it is 
usually bluish gray in color but may be greenish. It contains thin 
dolomitic layers in some places. The Maquoketa shale is thought to 
be the exact equivalent of the Sylvan shale of Oklahoma. 
This formation yielded: Isotelus sp., Plectambonites sericeus, Dal-
manella sp., from the Amerada (Nehawka) core. At Riverton, the 
Maquoketa shale was found to be 65 feet thick in the Ohio well22 and 
the middle and lower parts yielded the following fossils: Diplographts, 
Climacograptus, Hormotoma, Homotrypa, Liospira, Rhinididya, chono-
donts, fish bones and plates. The writer23 has stated the following re-
garding the probable age of the Maquoketa beds in Nebraska. 
The fossils so far found in the Maquoketa are suggestive of the lower part 
of this formation. Diplograptus and Climacograptus are known from the Elgin 
beds.* The genus Homotrypa is known from somewhat higher horizons and 
some species of it are known from beds as low as the Ion member of the 
Decorah. The genera Liospira and Rhinididya are common in the basal 
Maquoketa beds* and have a fairly wide vertical range. 
* H. S. Ladd, "The Stratigraphy and Paleontology of the Maquoketa Shale of Iowa," Iowa Geol. 
Survey, Vol. XXXIV (1029), pp. 305-448. 
This paleontological evidence strongly supports the idea that the 
Maquoketa under Nebraska is the lower part of the formation. This 
conclusion is corroborated by the fact stated previously that the 
formation is thin (20-30 feet) over or near the crest of the Nemaha 
ridge and thicker (60-113 feet) low on the flanks of the ridge or in 
the basins. Apparently the post-Ordovician diastrophism elevated 
Nebraska above sea-level and also effected differential movement be-
tween the ridges or "highs" and the basins. The upper or younger 
beds of the formation have been removed by erosion. This is strictly 
in agreement with the known facts of late or post-Ordovician history 
throughout the entire North American continent. 
It is thought that if any Ordovician strata were deposited across 
the Cambridge anticline or on the Chadron dome, it may have been 
completely removed by erosion as a result of differential uplift at 
this time.24 Also anticlinal structures or other "highs" may have 
been raised sufficiently above the basins at this time so that no Silur-
ian or Devonian strata ever came to be deposited over such structures 
as the Cambridge anticline, the Chadron dome, or at Riverton or 
Holdrege, where the Mississippian strata rest on the Maquoketa 
shale.25 
22
 "Deep Wells of Nebraska," pp. 187-215. 
23
 Ibid., p. 215. 
24
 Ibid., pp. 228-31, 275-77. 
26
 Ibid., pp. 209-11. 
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SILURIAN SYSTEM 
The Silurian strata so far known in Nebraska seem to be con-
tinuous with and equivalent to the rocks of the same system in Iowa 
and are so correlated. In age, they are middle Silurian or Niagaran. 
Accordingly, a very great regional erosional unconformity occurs 
below the Silurian strata and they rest unconformably on the eroded 
Maquoketa shale or older formations. The thickness of the Silurian 
system in Nebraska is great but also irregular, probably because of 
the irregularity and unevenness of the surface over which the Niag-
aran sea advanced. 
Rocks of Silurian age have been recognized in 12 wells used in this 
report, all located in the eastern and southeastern part of the state, 
except the Forest City well in Missouri. Silurian strata have also been 
recognized in a deep well at Sioux City, Iowa, shown in Figure 8. 
The minimum complete thickness so far reported in Nebraska is 190 
feet in the Miller Park well at Omaha, and the maximum complete 
thickness is 643 feet, 1 inch, from the core of the Amerada well at 
Nehawka. The average thickness is about 427 feet. 
It is an interesting point that the maximum thickness,at Nehawka, 
is on or near the crest of the Nemaha ridge. Apparently the pre-
Silurian peneplanation, at least in its later stages, was not influenced 
by the buried "granite" or pre-Cambrian ridge at or near Nehawka. 
However, the ridge seems to have been well above sea level in the 
vicinity of Du Bois and Table Rock during the Silurian inundation. 
The presence of Silurian strata in western Nebraska and in the great 
central basin has not been demonstrated, but on the other hand the 
absence of Silurian strata has not been proved. 
The Silurian under eastern Nebraska consists almost entirely of 
light gray-to-bluish gray and in part brownish or buff-colored dolo-
mite. Some chert and soft white tripolite-like siliceous material has 
been noted near the middle of the system. A very little bluish gray 
shale has been noted at some places and a little sandstone also in 
some wells. The dolomite is for the most part massive and heavily 
bedded. It is known to contain such characteristic Silurian fossils 
as: Favosites favosus, F. niagarensis, Halysites catenulatus, and Con-
chidium occidentalis. 
Since no upper Silurian rocks seem to occur under even eastern 
Nebraska, and all of the Devonian system, except upper Devonian 
strata, is absent also, uplift and a long period of subaerial erosion 
seems to have followed the deposition of the Niagaran strata. 
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DEVONIAN SYSTEM 
All of the strata which have been correlated as Devonian in 
Nebraska apparently occur under only the eastern part of the state. 
The distribution seems to be about the same as for the Silurian beds, 
on which the Devonian rocks rest with great unconformity. There is 
no record so far of Devonian strata overlapping the Silurian and rest-
ing on older beds. As in the case of the Silurian system, the presence 
of Devonian rocks has not been demonstrated in western or central 
Nebraska, nor has the absence of Devonian strata been proved. The 
presumption is strong that Devonian rocks are absent except in the 
eastern part of the state, since there are no Devonian formations in 
the Black Hills, Laramie and Hartville areas in Wyoming, in north-
central Colorado (?), in the deep wells of northwestern Kansas, or 
in south-central Nebraska. 
The Devonian rocks consist mostly of very white-to-gray lime-
stone or dolomitic limestone. A relatively thin bed of gray or greenish 
shale occurs commonly at the base and grayish or bluish shale layers 
may be encountered at other levels. The limestone is argillaceous and 
in part even glauconitic in some zones. Pyrite also occurs in places. 
The thickness ranges from 45 feet, 5 inches (or less?), to more than 
200 feet in Nebraska. The average for the area under consideration 
is about 160 feet. 
Almost nothing has been done to correlate exactly the Devonian 
beds in Nebraska. The 195 feet of Devonian found in the Jeep well26 
near Papillion is at least suggestive of the Wapsipinicon and perhaps 
the Cedar Valley divisions of the Devonian of Iowa. 
MISSISSIPPIAN SYSTEM 
Rocks belonging *to the Mississippian system are now known to 
occur under essentially the entire state. Stratigraphically, the 
Mississippian strata may or may not be unconformable on the De-
vonian, but the evidence is somewhat in favor of an unconformable 
interpretation. No Mississippian strata were deposited over the 
Nemaha ridge in the vicinity of Du Bois and Table Rock, which 
indicates that this part of the ridge was still an island or group of 
islands in the Paleozoic (Mississippian) sea. The Mississippian forma-
tions naturally overlap extensively on the older formations and sys-
tems of rock, even Ordovician and Cambrian, as at Riverton, Hol-
drege, and Chadron.27 
26
 "Deep Wells of N e b r a s k a , " p p . 64-68. 
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 Ibid., p p . 187-215, 275-77. 
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Detailed correlations of the Mississippian strata of the state have 
not been made, but it seems quite certain that formations belonging 
to the Kinderhook and Osage groups are present. I t is doubtful if 
beds of St. Louis age occur extensively, if at all, in the state, even 
though they are supposed to have been recognized in the core of the 
well at Forest City, Missouri.28 
Mississippian strata range from about n o feet to more than 400 
feet in thickness. The average thickness is nearly 300 feet and the 
thickness of this system is more uniform than that of either the 
Devonian or Silurian systems in the state. 
FIG. 9.—Geologic profile section across western Nebraska. 
Cherty limestone, with beds of chert and brownish dolomitic 
limestone, are characteristic of the Osage formations of the system, 
especially in the south-central part of the state. The same beds seem 
to have less chert farther east. Partings and thin beds of greenish shale 
are also common. The Kinderhook group is represented by buff-gray, 
crystalline, dense and fine-grained rather massive limestone and, at 
least in some wells, by heavy bluish gray "mouse-colored" calcareous 
shale. The Kinderhook shales are the most distinctive strata in the 
section above the Maquoketa shale. 
The Mississippian system is represented in northwestern Nebraska 
28
 H. Hinds and F. C. Green, "The Stratigraphy of the Pennsylvanian Series in 
Missouri," Missouri Geol. Survey, Vol. XIII , Second Ser., pp. 215-39. 
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by the Pahasapa limestone (356 feet) and the Englewood formation 
(45 feet), which lies in contact with the Deadwood formation of 
Cambrian age.29 The Pahasapa limestone is crystalline grayish white-
to-white with some buff-colored zones and a very little gray shale. 
The Englewood formation consists of limestone, some reddish shale 
and a little sandstone. These formations are indicated in the Duthie 
well section in Figure 8. They are also represented in Figure 9, which 
indicates the general stratigraphic relations from north to south 
across western Nebraska. 
The Mississippian period closed with general uplift followed by 
erosion. The surface was dissected by drainage, and a mature topog-
raphy resulted that is believed to have had a relief of at least 200-
250 feet in eastern Nebraska, as it is known to have had in south-
central Iowa.30 Hence, the Pennsylvanian deposits came to be un-
evenly and unconformably laid down on a very irregular surface. 
CONCLUSIONS 
It should be evident to the reader, in view of the brief and some-
what inconclusive evidence here presented, that very little is really 
known about the subsurface geology and stratigraphy of Nebraska. 
A number of excellent and reliable logs of carefully made deep-test 
wells have been preserved and are available, but it is preposterous to 
claim that the state has been adequately "tested" both as to the 
possibilities for oil and gas and for structure and stratigraphy in the 
deeply buried strata. More "dry" holes have been drilled locally in 
many oil-producing areas than have so far been drilled into the lower 
Paleozoic strata in the whole state of Nebraska. However, there is no 
gainsaying the fact, that so far there has been no very encouraging 
evidence that oil or gas exists in Nebraska in even modest quantities. 
Every Paleozoic system below the Pennsylvanian is represented 
by identifiable rocks in the subsurface section of Nebraska, and is 
present at least east of the buried Nemaha ridge. The exact subsurface 
distribution of each of the Paleozoic systems is not yet known with 
certainty. Apparently all formations are the same as, and continuous 
with, the pre-Pennsylvanian rocks of Iowa. The Cambrian and Ordo-
vician rocks, and perhaps also the Mississippian of the southern part 
of the state, are also similar to correlative formations in Oklahoma. 
The fact that most of the deep-test wells so far drilled in the state 
29
 "Deep Wells of Nebraska," pp. 275-77. 
30
 A. L. Lugn, "The Mississippian-Pennsylvanian and Pennsylvanian-Plesistocene 
Unconformities in Lucas County, Iowa," Proc. Iowa Academy of Science, Vol. XXXII 
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have been located on structural or on monadnock-like pre-Cambrian 
"highs" has precluded the discovery of many pre-Pennsylvanian 
Paleozoic rocks, which occur in the "basins." This has led to the mis-
conception that Nebraska was not invaded by all of the Paleozoic 
inundations. 
Sioux quartzite, granite, and schistose metamorphic rocks have 
been recognized in the pre-Cambrian. The present irregularities, the 
"basins and highs," on the pre-Cambrian surface are the result of 
erosion and a long structural history. In general, succeedingly younger 
rocks rest unconformably by overlap against the pre-Cambrian 
"highs." The principal erosional and structural "highs" are the 
"Nemaha mountains," the Cambridge anticline, the Chadron dome, 
and the Sioux Falls area. "Basins," or saddle-like depressions, occur 
on the pre-Cambrian surface between the "highs." The largest of 
these trends from southeast to northwest across the central parts of 
Nebraska. The history of each ridge or "high" is more or less individ-
ualistic, but it seemscertain that the structural framework of Nebraska 
came into existence in late pre-Cambrian time and has dominated the 
structural and depositional history of the state ever since. 
NOTE: Since the writing of all but the last few pages of this manu-
script, the excellent and very thorough paper, dealing with most of 
the stratigraphic problemsof the lower Paleozoic systems of the Upper 
Mississippi Valley, by A. C. Trowbridge and G. I. Atwater,31 has 
come from the press. This is a most excellent paper and several of 
the problems discussed have important bearings on correlations and 
interpretations of the pre-Pennsylvanian Paleozoic strata of Nebraska. 
31
 A. C. Trowbridge and G. I. Atwater, "Stratigraphic Problems in the Upper 
Mississippi Valley," Bull. Geol. Soc. America, Vol. 45 (Feb. 28, 1934), PP- 21-80. 
